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Specification 

Process for preparing tetrahydrop yran-4-ol and intermedia te 
thereof and process for preparing the same 

5 

Technical field 

The present invention relates to a novel process for 
preparing tetrahydropyran-4-ol and an intermediate thereof 
and a process for preparing the same. Tetrahydropyran-4-ol 
10 is a useful compound as a synthetic intermediate or 

starting material for a medicine, an agricultural chemical, 
etc . 

Background art 

15 In the prior art, as a process for preparing tetra- 

hydropyran-4-ol, a method for producing tetrahydropyran-4- 
ol by reacting 3-buten-l-ol and formalin in the presence of 
a large amount of sulfuric acid with yield of 61% (based on 
3-buten-l-ol) has been disclosed (Chem. Ber., 8_8, 1053 

20 (1955) ) . This method involves, however, problems that 
yield is low, and a post-treatment of the sulfuric acid 
after completion of the reaction becomes complicated, or 
the like, and it was not advantageous as an industrial 
preparative process . 

25 An object of the present invention is to solve the 

above-mentioned problems, and to provide an industrially 
preferred process for preparing tetrahydropyran-4-ol which 
requires no complicated post treatment, and can produce 
tetrahydropyran-4-ol with high yield. 

30 

Summary of the invention 

The problem of the present invention can be solved 
by a process for preparing tetrahydropyran-4-ol which 
comprises : 

35 (A) a cyclization step in which 3-buten-l-ol, a formalde- 
hyde compound and formic acid are reacted to form a 



tetrahydropyranyl-4-f ormate represented by the formula (1) 
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(B) then, a solvolysis step of subjecting the tetrahydro- 
pyranyl-4-f ormate to solvolysis to obtain tetrahydropyran- 
5 4-ol represented by the formula (2) : 

OH 
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The problem of the present invention can be also 
solved by a process for preparing tetrahydropyranyl-4- 
f ormate represented by the formula (1) : 




cr 

(D 



which comprises reacting tetrahydropyranyl-4-f ormate 
represented by the formula (1) with 3-buten-l-ol , a 
formaldehyde compound and formic acid to carry out the 
cyclization step. 



Best mode for carrying out the invention 

The present invention relates to a process for 
preparing tetrahydropyran-4-ol as a reaction product by the 
two steps of 

20 (A) a cyclization step of reacting 3-buten-l-ol, a form- 
aldehyde compound and formic acid to obtain tetrahydro- 
pyranyl-4-f ormate represented by the formula (1), 
(B) then, a solvolysis step of subjecting tetrahydro- 



pyranyl-4-f ormate to solvolysis to form tetrahydropyran-4- 
ol represented by the formula (2) . 

Subsequently, the above-mentioned two steps are 
successively explained . 
5 (A) Cyclization step 

The cyclization step of the present invention is a 
step of reacting 3-buten-l-ol, a formaldehyde compound and 
formic acid to prepare tetrahydropyranyl-4-f ormate . 

The 3-buten-l-ol used as a starting material in the 
10 cyclization step of the present invention is a compound 

which can be easily synthesized by dehydration reaction of 
1, 4-butanediol (for example, Bull. Chem. Soc. Jpn . , 54 , 
1585 (1981)) or monoepoxidization reaction of butadiene and 
subsequent reduction (for example, WO 9936379) . 
15 The formaldehyde compound to be used in the cycliza- 

tion step of the present invention may be mentioned an 
aqueous solution of formaldehyde or a polymer of formalde- 
hyde and the like, and at least one selected from the group 
consisting of, for example, formalin, paraformaldehyde and 
20 trioxane is suitably used. 

An amount of the above-mentioned formaldehyde com- 
pound to be used is preferably 1.0 to 5.0 mol, more prefer- 
ably 1.1 to 2.0 mol in terms of the formaldehyde based on 1 
mol of 3-buten-l-ol used as a starting material. These 
25 formaldehyde compounds may be used alone or in combination 
of two or more kinds in admixture. 

An amount of the formic acid (or it may be an 
aqueous solution thereof) to be used in the cyclization 
step of the present invention is preferably 1 to 20 mol, 
30 more preferably 2 to 10 mol based on 1 mol of 3-buten-l-ol 
as a starting material. 

The cyclization step of the present invention can be 
carried out in the presence or absence of a solvent other 
than the formic acid. As the solvent to be used, it is not 
35 particularly limited so long as it does not inhibit the 
reaction, and it may be mentioned, for example, aromatic 



hydrocarbons such as benzene, toluene, xylene, mesitylene, 
etc.; halogenated hydrocarbons such as chloroform, 
dichloroethane, etc.; organic esters such as ethyl acetate, 
butyl acetate, etc.; ethers such as diethyl ether, tetra- 
5 hydrofuran, diisopropyl ether, etc. 

An amount of the above-mentioned solvent to be used 
is preferably 0 to 50 ml, more preferably 0 to 10 ml based 
on 1 g of 3-buten-l-ol . These solvents may be used alone 
or in combination of two or more kinds in admixture. 

10 The cyclization step of the present invention can be 

carried out by, for example, mixing 3-buten-l-ol, a form- 
aldehyde compound and formic acid under an inert gas 
atmosphere, and reacting them under stirring, and the like. 
The reaction temperature at that time is preferably 10 to 

15 110°C, more preferably 50 to 100°C, and the reaction 
pressure is not specifically limited. 

In the cyclization step of the present invention, a 
solution containing tetrahydropyranyl-4-f ormate as a main 
product can be obtained, and in the present invention, the 

20 next step is generally carried out by using the solution as 
such or after concentration. However, in some cases, the 
formed tetrahydropyranyl-4-f ormate may be once separated 
and purified by, for example, a general method such as 
crystallization, recrystallization, distillation, column 

2 5 chromatography, etc., and then, the next step may be 
carried out. 
(B) Solvolysis step 

The solvolysis step of the present invention is a 
step of subjecting tetrahydropyranyl-4-f ormate to 

30 solvolysis to obtain tetrahydropyran-4-ol . 

The solvolysis step of the present invention is not 
specifically limited so long as it is a method in which a 
formate can be generally subjected to solvolysis, and it is 
preferably carried out in the presence of an acid or a base, 

35 in water, an alcohol, or a mixed solvent of water and an 
alcohol . 



As the acid mentioned above, there may be mentioned, 
for example, organic sulfonic acids such as methanesulf onic 
acid, ethanesulf onic acid, benzenesulf onic acid, p-toluene- 
sulfonic acid, etc.; inorganic sulfonic acids such as 
5 sulfuric acid, chlorosulf uric acid, etc.; hydrohalogenated 
acid such as hydrofluoric acid, hydrochloric acid, hydro- 
bromic acid, hydroiodic acid, etc.; halogenated carboxylic 
acids such as chloroacetic acid, dichloroacetic acid, etc., 
preferably organic sulfonic acids, inorganic sulfonic acids, 

10 more preferably organic sulfonic acids are used. Incident- 
ally, these acids may be used alone or in combination of 
two or more kinds in admixture. 

An amount of the above-mentioned acid to be used is 
preferably 0.1 to 200 mg, more preferably 2 to 50 mg based 

15 on 1 g of tetrahydropyranyl-4-f ormate . 

When a base is used, it is preferred that formic 
acid is removed by a suitable means such as distillation, 
etc., or formic acid is neutralized, and then, an amount 
necessary for promoting the solvolysis reaction is added to 

20 the reaction system, further preferably it is an amount of 
1 equivalent or less based on the amount of the tetra- 
hydropyranyl-4-f ormate . As such a base, it is not 
specifically limited so long as it is a base generally used 
in the solvolysis reaction, and, for example, an inorganic 

25 base such as an alkali metal hydroxide salt, an alkali 

metal carbonate, an alkali metal hydrogen carbonate, etc., 
an organic base such as a tertiary amine, etc. 

In the present invention, it is preferably carry out 
the solvolysis step by adding an acid since the reaction can 

30 promote effectively with less amount. 

As the above-mentioned alcohol, there may be 
mentioned, for example, methanol, ethanol, n-propyl alcohol, 
isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t- 
butyl alcohol, pentyl alcohol, methoxy ethanol, ethoxy 

35 ethanol, ethylene glycol, triethylene glycol etc., prefer- 
ably methanol, ethanol, n-propyl alcohol, isopropyl alcohol, 



6 



more preferably methanol, ethanol, isopropyl alcohol are 
used. Incidentally, these alcohols may be used alone or in 
combination of two or more, and water may be contained 
without any problem. 
5 An amount of the above-mentioned alcohol to be used 

is preferably 1 to 100 mol, more preferably 5 to 50 mol 
based on 1 mol of tetrahydropyranyl-4-f ormate . 

The solvolysis step of the present invention can be 
carried out by a method in which, for example, under an 

10 atmosphere of an inert gas, tetrahydropyranyl-4-f ormate, 

alcohol and. an acid or a base are mixed, and reacted while 
stirring, and the like. The reaction temperature at that 
time is preferably 20 to 120°C, more preferably 30 to 70°C, 
and the reaction pressure is not specifically limited. 

15 Incidentally, the tetrahydropyran-4-ol which is the 

final product can be isolated and purified by, for example, 
after completion of the solvolysis step, a general method 
such as concentration, distillation, recrystallization, 
column chromatography, etc. 

20 

Example 

Next, the present invention is specifically 
explained by referring to Examples, but the scope of the 
present invention is not limited by these examples. 

25 Example 1 (Synthesis of tetrahydropyran-4-ol) 

In a glass flask having an inner volume of 2 liters 
and equipped with a stirring device, a thermometer, a 
dropping funnel and a Dean-Stark device was charged 600 ml 
of 98% by weight formic acid, and the mixture was heated to 

30 80°C. Thereafter, a solution containing 300 g (4.16 mol) 
of 3-buten-l-ol and 149.9 g (1.66 mol) trioxane dissolved 
in 600 ml of 98% by weight formic acid was gradually added 
dropwise to the above mixture over 4.5 hours, and under 
nitrogen atmosphere, the mixture was subjected to cycliza- 

35 tion reaction at the same temperature for 8 hours. 

Then, after cooling the reaction mixture to room 
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temperature, 5.4 g (56 mmol) of methanesulf onic acids and 
600 ml of ethanol were added to the mixture, and the 
resulting mixture was heated up to 64 °C under normal 
pressure, whereby solvolysis was carried out while removing 
5 by-producing ethyl formate. Moreover, after this operation 
was repeated three times, the reaction mixture was 
distilled under reduced pressure (85 to 87°C, 173Pa) to 
obtain 347 g of tetrahydropyran-4-ol (Isolation yield based 
on 3-buten-l-ol : 81.6%) as a colorless liquid with a purity 

10 of 99.2% (areal percentage according to gas chromatography) . 
Example 2 (Synthesis of tetrahydropyran-4-ol) 

In a glass flask having an inner volume of 500 ml 
and equipped with a stirring device, a thermometer, a 
dropping funnel and a Dean-Stark device were charged 27.0 g 

15 (374 mmol) of 3-buten-l-ol, 13.5 g (150 mmol) of trioxane 
and 133 ml of 98% by weight formic acid, and the mixture 
was subjected to cyclization under nitrogen atmosphere at 
80°C for 4 hours. 

Then, formic acid was distilled off from the 

20 reaction mixture under reduced pressure, 1 g (10 mmol) of 
methanesulfonic acid and 200 ml of methanol were added to 
the residue, and the resulting mixture was heated up to 
64 °C under normal pressure, whereby solvolysis was carried 
out while removing by-producing methyl formate. Moreover, 

25 after this operation was repeated, when the reaction 
mixture was analyzed by gas chromatography (internal 
standard method), 30.2 g of tetrahydropyran-4-ol was found 
to be formed (Reaction yield based on 3-buten-l-ol: 79%). 
Example 3 (Synthesis of tetrahydropyran-4-ol ) 

30 The same reaction as in Example 2 was carried out 

except for changing methanol to ethanol in Example 2 . As a 
result, 30.9 g of tetrahydropyran-4-ol was found to be 
formed (Reaction yield based on 3-buten-l-ol: 81%). 
Example 4 (Synthesis of tetrahydropyran-4-ol ) 

35 The same reaction as in Example 2 was carried out 

except for changing methanol to isopropylalcohol in Example 
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2. As a result, 32.1 g of tetrahydropyran-4-ol was found 
to be formed (Reaction yield based on 3-buten-l-ol : 84%). 
Example 5 (Synthesis of tetrahydropyran-4-ol) 

In a glass flask having an inner volume of 500 ml 
5 and equipped with a stirring device, a thermometer, a 

dropping funnel and a Dean-Stark device were charged 10.0 g 
(139 mmol) of 3-buten-l-ol, 5.0 g (56 mmol) of trioxane and 
40 ml of 98% by weight formic acid, the mixture was 
subjected to cyclization reaction under nitrogen atmosphere 

10 at 80°C for 4 hours. 

Then, 0.2 g (2 mmol) of methanesulf onic acid and 50 
ml of ethanol were added to the mixture and the resulting 
mixture was heated up to 64 °C, whereby solvolysis was 
carried out while removing by-producing ethyl formate. 

15 Moreover, after the operation was repeated, when the 
reaction mixture was analyzed by gas chromatography 
(internal standard method), 13.1 g of tetrahydropyran-4-ol 
was found to be formed (Reaction yield based on 3-buten-l- 
ol: 92%) . 

20 Example 6 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 1 liter 
and equipped with a stirring device, a thermometer and a 
Dean-Stark device were charged 100 g (1.39 mol) of 3-buten- 
l-ol, 50.0 g (0.56 mol) of trioxane and 500 ml of 98% by 

25 weight formic acid, and cyclization reaction was carried 

out under nitrogen atmosphere, at 80°C for 8 hours. After 
completion of the reaction, it was concentrated under 
reduced pressure, and distilled under reduced pressure (92 
to 94°C, 667 Pa) to obtain 131.6 g (Isolation yield based 

30 on 3-buten-l-ol: 69%) of tetrahydropyranyl-4-f ormate as a 
colorless liquid with a purity of 94.9% (areal percentage 
according to gas chromatography) . 

The tetrahydropyranyl-4-f ormate is a novel compound 
represented by the following physical properties. 

35 CI-MS (m/e); 131 (M+l) 

1 H-NMR (CDC1 3 , 5 (ppm) ) ; 1.67 to 1.78 (2H, m) , 1.91 to 2.00 
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(2H, m), 3.52 to 3.60 (2H, m) , 3.90 to 3.97 (2H, m) , 5.06 
to 5.14 (1H, m) , 8.60 (1H, s) 

Example 7 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 25 ml and 
5 equipped with a stirring device and a thermometer were 
charged 1.00 g (13.9 mmol) of 3-buten-l-ol, 0.54 g (16.7 
mmol) of 92% by weight paraformaldehyde and 5 ml of 98% by 
weight formic acid, and cyclization reaction was carried 
out under nitrogen atmosphere, at 80 °C for 4 hours. After 

10 completion of the reaction, when the reaction mixture was 
analyzed by gas chromatography (internal standard method) , 
1.77 g of tetrahydropyranyl-4-f ormate was found to be 
formed (Reaction yield based on 3-buten-l-ol: 98%). 
Example 8 (Synthesis of tetrahydropyranyl-4-f ormate ) 

15 In a glass flask having an inner volume of 25 ml and 

equipped with a stirring device and a thermometer were 
charged 1.00 g (13.9 mmol) of 3-buten-l-ol, 0.50 g (5.6 
mmol) of trioxane and 5 ml of 98% by weight formic acid, 
and cyclization reaction was carried out under nitrogen 

20 atmosphere, at 80°C for 4 hours. After completion of the 
reaction, when the reaction mixture was analyzed by gas 
chromatography (internal standard method), 1.81 g of 
tetrahydropyranyl-4-f ormate was found to be formed 
(Reaction yield based on 3-buten-l-ol: 100%). 

25 Example 9 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 25 ml and 
equipped with a stirring device and a thermometer were 
charged 1.00 g (13.9 mmol) of 3-buten-l-ol, 1.35 g (16.7 
mmol) of 37% by weight aqueous formalin solution and 5 ml 

30 of 98% by weight formic acid, and cyclization reaction was 
carried out under nitrogen atmosphere, at 55°C for 8 hours. 
After completion of the reaction, when the reaction 
mixture was analyzed by gas chromatography (internal 
standard method), 1.10 g of tetrahydropyranyl-4-f ormate was 

35 found to be formed (Reaction yield based on 3-buten-l-ol: 
61%) . 
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Example 10 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 25 ml and 
equipped with a stirring device and a thermometer were 
charged 1.00 g (13.9 mmol) of 3-buten-l-ol, 0.50 g (5.6 
5 mmol) of trioxane and 5 ml of 98% by weight formic acid, 
and cyclization reaction was carried out under nitrogen 
atmosphere, at 120°C for 8 hours. After completion of the 
reaction, when the reaction mixture was analyzed by gas 
chromatography (internal standard method), 1.47 g of 

10 tetrahydropyranyl-4-f ormate was found to be formed 
(Reaction yield based on 3-buten-l-ol: 81%). 
Example 11 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 25 ml and 
equipped with a stirring device and a thermometer were 

15 charged 10.0 g (139 mmol) of 3-buten-l-ol, 5.0 g (56 mmol) 
of trioxane and 50 ml of 98% by weight formic acid, and 
cyclization reaction was carried out under nitrogen 
atmosphere, at 80°C for 4 hours. After completion of the 
reaction, when the reaction mixture was analyzed by gas 

20 chromatography (internal standard method), 18.1 g of 
tetrahydropyranyl-4-f ormate was found to be formed 
(Reaction yield based on 3-buten-l-ol: 100%). 
Example 12 (Synthesis of tetrahydropyranyl-4-f ormate) 

In a glass flask having an inner volume of 25 ml and . 

25 equipped with a stirring device and a thermometer were 

charged 2.0 g (28 mmol) of 3-buten-l-ol, 1.0 g (11 mmol) of 
trioxane, 6 ml of 98% by weight formic acid and 6 ml of 
toluene, and cyclization reaction was carried out under 
nitrogen atmosphere, at 80 °C for 8 hours. After completion 

30 of the reaction, when the reaction mixture was analyzed by 
gas chromatography (internal standard method), 2 . 9 g of 
tetrahydropyranyl-4-f ormate was found to be formed 
(Reaction yield based on 3-buten-l-ol: 81%). 

35 Utilizability in industry 

According to the present invention, a process for 
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preparing tetrahydropyran-4-ol which requires no compli- 
cated post treatment, can produce tetrahydropyran-4-ol with 
high yield, and industrially suitable can be provided. 



